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1. Scope

This engineering note describes the mechanical design for the Chopper and Antichopper
beamboxes. Included are: part and assembly drawings, a discussion of the mechanical design
and the constraints imposed by physics requirements, CAD renderings and photographs,
engineering calculations, outside vendor component information, and fiducialization data for the
two beamboxes that were fabricated.

2. Drawings

25B420 4 E |CHOPPER ASSEMBLY INTERFACE
25B421 4 E [CHOPPER BOX WELDMENT
25B422 4 D [CHOPPER BOX BOTTOM PLATE
25B423 4 D |CHOPPER BOX END PLATE
25B425 4 D |[CHOPPER BOX SIDE PLATE
25B426 4 C |CHOPPER BOX COVER ASSEMBLY
25B427 4 A |CHOPPER BOX HINGE ASSEMBLY
25B428 4 B |OUTER HINGE ASSEMBLY

25B429 4 E |CHOPPER BOX TOP PLATE
25B431 4 D [INNER HINGE ASSEMBLY

25B432 2 A [HINGE ASSEMBLY BEARING
25B433 4 B |CHOPPER BALL JOINT ASSEMBLY
25B434 3 A |CHOPPER BALL JOINT BRACKET
25B435 2 A [MICROMETER INTERFACE FLANGE
25B446 2 A [ROD END

Copies of all drawings are included in Appendix A.

3. Design Overview

Chopper beamboxes mounted on the first and third rafts of the MEBT contain traveling wave
Chopper structures, provided by Los Alamos National Laboratory (LANL). The design process
involved an ongoing exchange of information between LANL and LBNL, in order to avoid
interferences and select feedthrough locations.

3.1 Alignhment
The required positional accuracy of the Chopper Structures, with respect to the beam
centerline, Is large compared to other beam transport components in the MEBT. The design
goal was 10 percent of one sigma of the beam in the y-direction. With sigma equal to roughly
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2 mm, the requirement for vertical alignment was set at 0.2 mm. The requirements in the x
and z-directions were driven by mechanical, rather than beam transport considerations. Each
Chopper structure will be suspended in its beambox on a hinge assembly at one end and an
adjustable micrometer feedthrough at the other end, to enable pitch adjustment during tuning.
The vertical location of the hinge assembly can be set with shim washers between the inside of
the cover plate and the top of the hinge. The position of each Chopper structure will be set
during assembly with respect to the interface plane of the cover plate. The mounting surface
on the beambox has been fiducialized with respect to survey targets on the exterior of the
beamboxes. This system will allow the position of the Choppers in the MEBT to be measured
and adjusted with minimal disassembly.

3.2 Spatial Constraints

The mechanical design was spacially constrained by interfaces with adjacent beamline
components in the MEBT. The inside dimensions of the beambox and the external dimensions
of the Chopper structures were selected such that the Chopper structure could be assembled
on the beambox cover and then inserted, from above, into the beambox. The external
dimensions of the beambox were limited by the MEBT Profile Monitor beamboxes, installed on
the ends of the Chopper beamboxes.

The location of numerous vacuum feedthroughs on the cover plate was carefully selected to
simplify connections inside the beambox. Each cover plate contains the following ports for
feedthroughs, all are 2-3/4” Conflat™ flanges:

* Four flanges for individual high-voltage feedthroughs (LANL will provide).

» Two scraper signal feedthrough flanges for a total of 4 BNC connectors (LANL will provide).
* One water feedthrough flange for cooling water inlet and outlet lines (LANL will provide).

* One micrometer feedthrough flange for support and alignment of the end of the each
Chopper structure (LBNL will provide micrometer feedthrough).

Three ports are provided on either side of the beambox (4-1/2 Conflat flanges) for Pyrex glass
viewports. These viewports will make possible visible inspection of the meander line structure
down the entire length of the Chopper during operation.

3.3 Deformation and Natural Frequency Analysis

Vacuum deflection calculations were performed to verify the stability of the vertical position of
the Chopper structures. The analysis concluded that changes in barometric pressure would
have no noticeable affect on the alignment of the Chopper structures during operation. The
natural frequency of the Chopper assemblies on the MEBT rafts was determine to be
adequately high, well above 100 Hz, to avoid excessive resonance during transportation or
seismic events.

4. Fabrication and Assembly

The beambox is comprised of One-half-inch-thick 304 stainless steel plate, with vacuum-tight
welds on the interior and structural welds on the exterior. Because the clearance between the
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Chopper structures and the inside walls on the ends of the beamboxes is small, care was
taken to incorporate indexing features in the plates to align them during welding. Special care
was taken during design and fabrication to correctly position beamline holes on the end walls
of the beambox in relationship to the surface of the top flange.

The two beamboxes were identically fabricated. After fabrication, the beamboxes were
measured on a coordinate measurement machine and unique part numbers were etched on
the top flange of each weldment. Unique mounting shims were fabricated to compensate for
the slight differences in the location of the mounting feet which were measured during
fiducializatoin.
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DWG. NO.

SIZE| REV.

SH.

8 7 * 4 3 25B4274 | A 1
. ASSEMBLE N CLEAN ENVIRONMENT.
AFTER ASSEMBLY, WRAP TO MAINTAIN CLEANLINESS.
2. TO ACHIEVE PROPER LOCATION OF CHOPPER PLATES -
SHIMS MAY BE ADDAED.
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ITEM | PART NO | REGD DESCRIPTION MATER T AL

SER
UNLESS OTHER‘W\SE ;PEC\HED WSHOP ORDERS . ERNEST ORLANDO LAWRENCE ~— -\ A
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* DWG. NO. SIZE REV. | SH.

25B4284 B | 1 1

NOTES:

. ULTRA-HIGH VACUUM CLEANING AND PACKING REQUIRED.
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DWG. NO. SIZE| REV. | SH.
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DWG. NO. SIZE REV. | SH.
8 7 6 5 * 4 3 25B4314 D 1 1
2. ULTRA-HIGH VACUUM CLEANING AND PACKING REQUIRED.
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NOTES:

. ULTRA-HIGH VACUUM CLEANING
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NOTES:

. ULTRA-HIGH VACUUM CLEANING AND
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APPENDIX B

CAD Images and photographs of Chopper Beambox
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CHOPPER AND ANTI-CHOPPER LOCATIONS IN MEBT



CHOPPER BOX WELDMENT
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Calculations
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1 Cover plate deflection under due to atmospheric pressure variations

Atmospheric pressure variations can cause distortions of vacuum beamboxes when large
surfaces areas are exposed to the atmosphere on one side and vacuum on the other. Because
movement of the Chopper Structures could affect the beam being transported through the
MEBT, the total amount of deflection caused by vacuum loading was determined. Only a
fraction of the total deflection caused by vacuum loading would translate into movement of the
Chopper structures inside the beamboxes during variations in barometric pressure. For
example, during storms barometric pressure can easily vary by as much as ten percent.

1.1 Spreadsheet calculation using Roark’s formula for rectangular plate
deflection

1.1.1 Scope

The Chopper plates are suspended from the cover plate of the Chopper beambox. Physics
considerations require that the position of the Chopper Structures vary by no more than ten
percent of the sigma of the beam. With sigma roughly equal to 2 mm, this requirement
translates into an alignment goal of 0.2 mm or 0.079 inches. These analytic calculations are
based on Roark's formula for a flat rectangular plate of constant thickness.
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Cover edges simply supported
Maximum stress

Max s[lb/in"2]= b*q*b"2/t"2=
qlpsi]= 14.7
afin]= 145
b[in]= 10
tfin]= 0.75
ab= 145
b= 0.454

Maximum deflection
Max y [in]= a*gq*b"4/EA"3=

0.078
2.80E+07

al-]=
E[lb/in"2]=

Cover edges fixed

Maximum stress
Max s[lb/in"2]= b1*q*b"2/t"2=
Max s[lb/in”2]= b2*q*b/2/t"2=

Maximum deflection
Max y [in]= a*q*b N 4/EA" 3=

bl= 0.436
bo= 0.209
al-]= 0.023

1.2 FEA Analysis
A finite element analysis of the cover plate was

model utilized quarter-symmetry. The contour plots that follow show deflection values in inches.

1186.4533 Ib/in"2*%in~2/in"2=Ib/in"2

longer side of cover at the support edge
shorter side of cover at the support edge

[1] page 458
-0.00097

[1]

1139.4133 at center of long edge
546.18667 at center

[1] page 458
[1] page 458

-0.00029

[1] page 458
[1] page 458
[1] page 458

performed using ANSYS, version 5.6. The
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1.2.1 Edges Simply Supported
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1.2.2 Edges Fixed
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The maximum deflection of a plate with fixed edges is .00031”

1.3 Conclusions

The most conservative solution, that with simply supported edges, provides an upper bound for
the amount of deflection anticipated for the cover plate due to atmospheric pressure variations.
The deflections predicted by the FEA solution are smaller than those predicted by the analytic
solution due to the rounded corner of the plate in the FEA model. The results indicate that the
areas of the cover plate where the suspension bracket would attach would deflect 0.00025” with
one atmosphere of external pressure. Extreme barometric pressure variations due to storm
activity are likely to move the cover plate approximately ten percent of this amount. This
movement is entirely negligible given the physics requirements.
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2 Natural frequencies for the chopper support

2.1 Scope

Because of the possibility of accelerations during shipping and seismic events, the natural
frequency of vibration in the vertical direction is calculated. The Chopper Assemblies are
supported on 4” by ¥2” thick tabs extending from either side of the bottom plate of the beambox
weldment [2]. Roark’s formulas [1] were used for the calculation. Two cases were analyzed:

Simply supported beam

[1] page 714 f=6.93/2PI*(E*I*g/W/L"3)"(1/2) = 19.53 Hz Natural frequency
E [psi]= 2.90E+07 steel
| [in*4]= 0.041667 4x0.5 plate
g [in/sec"2] 386.1
W][lb]= 400.00 weight
[2] L[in]= 15.5 span

Fixed support
Span reduced by width of the box

[1] page 714 f=13.86/2PI*(E*I*g/W/L"3)" (1/2) = 184.79 Hz Natural frequency
E [psi]= 2.90E+07 steel
| [in*4]= 0.041667 4x0.5 plate
g [in/sec"2] 386.1
W][lb]= 4.00E+02 weight
[2] L[in]= 55 span

2.2 Conclusions

The natural frequency of the chopper box suspension is significantly above 100 Hz and should
not be the source of excessive vibration during transportation or MEBT system operation.

3 References

[1] Roark"s Formulas for Stress and Strain, Sixth Edition
[2] LBNL Drawing 25B429, 25B422
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UNIVERSITY OF CALIFUFIHEA D i R T Subcontract

ERNEST ORLANDO LAWRENCE For the US Dept of Energy Subcontract # an
BERKELEY HA“BHAL LAE'DHATDH‘I' One Cyclotron Road, Bldg.&9 6507591
FOR CONTRACT NO. DE-AC03-TESFD0098 | Berkeley, CA 94720
WITH THE DEPARTMENT OF ENERGY MAIL TNVORCE 1N DUPLICATE 10 %‘“ﬂm
|'|.|m'.-'EHEIT'-' OF CALIFORMIA | ”mm
SUBCONTRACTOR: ' | Subcorsract Dol B
UC Componsants Inc UC Lawrencs Berkelsy Lab 08=FEB=-01 |J Iﬂall.'l:l
18700 Adams Court Accounts Payable Dept 510-486-5523
PO Box 634 PO Box 528 P bae | Bomr
Morgan Mill, CA 95037 Berkeley, CA 94701
Custormsar Account Vendal Mo, | Paymsand Tanms Transportation Tonms FOB Ship Via
103354 Met 30 Days Acct. of Univ Bhip Pt. Freight urs
Subconiracior Cornlact uaster | Dalivar Io RESALE-Slate Sales Tax
g P (888) 483-6833 |ZACHOSZCZ, AMDREW Uiniversity holds Stata EJ“"%EHIHIE‘MI
LINE PART NUMBER/DESCRIPTION DELIVERY DATE QUANTITY [UNIT UNIT PRICE EXTENSION | TAX

Ship order completa.
CONFIEMED TO: BEIAN. ON O0E-FEB-01 -- DO HOT

DUFLICATE!
1 Bolt, hx. hd. s8, 1/4-38 = 2%, wventad, 26-FEB-01 5.00|BA 5.23 26.15| W
#HZB3IZ.
2 Bolt, hx. hd. =8, wvented, 1/4-28 x 1%, I6-FEB-01 9.00| ER 3.41 I0.69 | W
#HIB1E.
3 |Belt, hx. hd. Silver plated, 5/16-34 = 1 26-FEB-D1 100.00| ER 1.15 215.00| W

174", #3120-HA.

4 |Bolt, hx. hd. Silver plated, 1/4-28 x 1 1/4%, 16-FEB-01 135.00|EA 1.34 167.50| ®
#E-2820-HA.

TOTAL: £39.34

The Terms and Conditions Attached
Constitute A Part Of This Subcontract -Requester's copy- Authorzad by

University of Calomia, Lawrencs Berkatay National Laboratory




ERNEST ORLANDD LAWRENCE BEUY 7 iUl

AL BERKELEY NATIONAL LABORATORY FLEASE REFERENCE
ENGINEERING DIVISION THIS NUMBER ON

Lmensl RESOURCES GROUP - LIAISON UNIT »  YOURQUOTATION 29- JAW -0

C 44 ENTELPRISES A 27800 + 300 6 -8 unes

LtE CuSTon, MackH. —— w4878 +2%0 q4-g Whs

— §27T084+ B | yanifeg

1o, MKS TseumenTs Ta84
ATTN:
Number of pages including cover page: 1 + Drawings (6 ).
FROM: John R. Mehren Fax Number (510) 486 - 6663
UC - LBNL Office Phone (510) 486 - 5524
One Cyclotron Road M/S 46-125 Building 46B Room 106

Berkeley, CA. 94720

COMMENTS: Please quote price and delivery for the following item(s):
Provide all labor, cquipment and materials, except as noted, to fabricate;

ITEM DESCRIPTION LBNL DWG. NUMBER QUANTITY
1. Weldment, Chopper Box 25B4214B (2 Shts.) dea.
2, Cover Assembly, Chopper Box 25142648 Zea/ded ™)
3 Flange, Micrometer Interface 25B4352A 2ea,
4, Bracket, Chopper Ball Joint 25B4342A Jea.
5. Hinge Assembly, Outer 25B4284A 2ea.
. Hinge Assembly, Inner 25B4314B Zea.
G} Please quote on both quantities.
Close date is: 09-FEB-01 Delivery req’d. by : 15-MAR-01

Thank you, JRM.




CID %Hs Jim Coleman (Ext. 371)

INETRUMENTS 5330 Sterling Drive, Boulder, CO 80301
Phane: (B00) 345-1967, (303) 445-9861

Fax (303) 449-2003
HPS™ Products Ent rru.!lm:jim_mlmn@mhinn.m

Fobruary 5, 2001

Mr. John R. Mahran Phone: (510) 486-5524
Lawrence Berkeley National Laboratory Fax: (510) 486-6668
Re: RFQ # TO21

John,

Thank you for your request for quotation. The following are the HPS part numbers,
descriptions and prices.

HPS # 89C0203 CHMB, LBNL#25B4214B T ¥ §7.269.00 EACH
HFS # 99C0204 FLG LBNL#25B42648 2 ¥ $212600 EACH » 4242

QTY of 4 4 ¥ $1,915.00 EACH = Tego
HPS # 99C0205 FLG LBNL#25B4352A 7% § 181.00 EACH
HPS # 99C0206 BRKT LBNL#25B4342A = % § B823.00 EACH
HPS # 88C0207 BRKT LEBNLE25BAZB4A 2 x $1,577.00 EACH
HPS & §8C0208 BRKT LENL#2584114B 7 ¥ $1,566.00 EACH /

A ELES E” 30492

Delivery will be ten (10) weeks ARO. FOB Boulder, CO. Terms net thirty days. HPS has a

no cancellation or return policy for custom products.
Material will be 304 stainless stesl,

HPS takes exception to the tight tolerances and offers realistic lolerances of plus or mins
050",

I you have any questions, please feel free to contact me. If you would like {0 place an
order, please contact either tha MKS sales office al (408) 8884020 or Judy Miglsen (HPS
Customer Service) at (B00) 345-1967, extension 320.
Thank You,
NCL—
an

Special Products Design Engineer



B01 Boggs Avenue = Fremont, CA 94539 = (510) 226-8083 = Fax (510) 226-6087
www.candhenionprises.com * Sales@candhenterprises.com

Date 2801 Quotation Guote No. DROZ0901
MName John Mehren
Company LBNL
Phone (510) 486-5524 Fax (510) 486-6668
PART NUMBER QUANTITY UNIT PRICE EXTENDED PRICE DELIVERY
s | 2 | e | o | s WEEKSARD
25SBA2GHR 2 [
25B4264B 4
SB4ISIA 3 =
T o T . - e
pa]i TR R E Y &
I5B4184A 2
ISB4I4E 2

Comments  Thanks for the opportunity to guote this for you. On drawing *2584214 the perpendicular of
-005 to datum -A- call out needs to change . We need more tolerance due to we are not machining the
inside of the chambar after weld. if you have any questions or concerns please feel free to call me.

i |

Thank You .

Deninis
Project Coarlinaior

ﬂ-ﬁ&rﬁ'-‘dr-"q'-\)g.i.rhmth * Machwg of Vacuam Campenends » Tiooing iﬁ;ﬂn:
Frropteist & Producian + dsembled « in Mayse Wipging « Vacuanm fekver = Warsum Lsak Deeco
Euial’ Dipsa dusdy Figsdope-




Ry T N DY Y AT
UNION CITY, CA 94587

Phoae  SI0477-8979

Fax  510-477-6738 Quote No. 203669
Page I of 2

Fetruary 08, 2001

JOHMN B MEHREM

BERKLEY NATIONAL LABORATORY

ENGINEERING CIVISION LIC-LBNL
ONE CYCLOTRON RID. M/S 46-123
BUILDING 468 ROOM 106
BERKELEY, CA 720

LS

Drear JOHM =
WE ARE PLEASED TO QUOTE THE FOLLOWING: RIFFQ 87T

Lime Pari No. Part Description

1 I5B4Z14 | WELDMENT, CHODPPER BOX
Rev B

Lead Time 4 -6 Lot
(uamtity U/M  Unit Price Ectemded Price Add! Charge Description

2 EA 16, SO0, 33,600.00 {0100
Line Pari Na. Pari Description
2 25B4264 COVER ASSEMBLY, CHOPPER BOX
Eev B
Lead Time
Ouantity LM Unit Price Exiended Price Addi Charge Description
2 BA  2,105.00 4,210.00 0.00
4 EA  1,7E0.00 7,120.00 00 + 2t
Lime Parr Mo, Fari Descripiion
3 1EpaIs FLANGE, MICROMETER INTERFACE
Rer A
Lead Thme
Quantity UM Uit Price Exiended Price Addl Charge  Descriprion
2 EA 98,00 196.00 0.00
Lime Pari Na. FPuart Description
4 2584342 | BRACKET, CHOPPER BALL JOINT
Rev A
Lead Time
Quandiy UM Unit Price Extended Price Addl Charge  Description
2 |EA 18800 376.00 0.00
Line Part Na. Part Description
5 Z5DBAZEA HIMGE ASSEMBELY, OUTER
Rev A
Lead Time

Quantity [/M  Unit Price Extewded Price Addl Charge  Description
2 EA ET000 1,740,040 0.00




313481 WESTERN AVE
UNION CITY, CA 94587

Phowe  510-477-8979
Fax SI0-477-6738

Lime Part No. Part Description
6 21584314 HINGE ASSEMBLY, INNER
Rev B
Lead Time
Quantity UM Unit Price Exiemded Price Addl Charge Description
2 EA K78.00 1,756.00 0.00
Salesperssm  NONE

Prices Valid Through March 10, 2001
THANK YOU- CHARLIE OLIVER

jr 4 | \.-.:..I.| F

Quote No. 203669

Page 20f 2
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ERNEST ORLANDO LAWRENCE For the US Dept of Energy Subconfract # Page
BERKELEY NATIONAL LABORATORY | oot cyeicteon noss. sieg.es .
FOR CONTRACT MNO. DE-ACD3-TESFOD0D3B
WITH THE DEPARTMENT OF ENERGY e bl o .Wﬂ’lﬁhﬁm
P nvERSIY oF GALFoRNA i
Professional Plastics UC Lawrence Barkaley Lab 0a-FEB-O1 Jm-llﬂ
2175 Erusa Drive Aecounts Payabla Dept S10-486-55213
Gan Jose, CA 95131 PO Box 518 ~ Havision Date | Buyor
Berkeley, CA 94701

ICusiomer Account Wendor Mo, | Payman] Tesms Transporiation Terms F.O.B. Ship Via
166338 Het 30 Days Aoct. of Univw Bhip FPt. Freight urs
Emwcmm Asquastar / Dalivar o FOR RESALE-Stals Sales Tax shoukd not ba cha B tha
Unisarsity holds State Saies T P'ln'n.HEFECHEt-
SRCROSECE,  AWDREN ummmmmﬂwum
LIME PART WUMBERDESCRIFTION DELIVERY DATE QUANTITY JUNIT LEIT PRICE EXTEMSION | TAX
CORFIEMED TO: JOHN MCDOHALD. ON Q08-FEB-01 -- DD NOT
DUPLICATE!
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Table1 Summary of typical properties standard SP polyimide resins
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Table 2 Summary of typical properties standard SP polyimide resins
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MATERIAL: Forped abay atesal with minimum tensile siangih of 180,000 psi.
Range of movemant Preot 180°, swival 3600
b SAFETY FACTOR=51
hioets Wililery Specification Mo, MIL-ZTD 136511) or MIL-STD 2085
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Lawr ence Berkel ey Nationa
Preci si on Measurenent Services

Lab

Robert Connors
Bui | ding 77/ 158
(510) 486- 7611
DESCRI PTI ON chopper box wel dnent fidua
PART Chop Box #1
MEAS NOM DEV UPTOL LWIoL QT
PO NT BEAM ORI GN CART PCS11 | NCH ANGDEC 10: 02 June 01, 2001
X 0. 0000 -0. 0010 0. 0010 0. 0000 0. 0000 0. 0010
Y 0. 0000 0. 0021 -0. 0021 0. 0000 0. 0000 -0. 0021
z 0. 0000 -0. 0002 0. 0002 0. 0000 0. 0000 0. 0002
I 0. 0000 0. 0000 0. 0000
J 0. 0000 - 0. 0000 0. 0000
K 0. 0000 1. 0000 -1. 0000
PLANE DAT_A CART PCS11 | NCH ANGDEC 10: 02 June 01, 2001
X -0. 0009 -7.5168 7.5159 0. 0000 0. 0000 7.5159
Y -0. 0105 -1.0054 0.9948 0. 0000 0. 0000 0.9948
z 5.6984 5.7026 -0.0043 0. 0000 0. 0000 -0.0043
I 0. 0000 - 0. 0095 0. 0095
J 0. 0000 -0.0021 0. 0021
K 1. 0000 1. 0000 0. 0000
Fl at 0. 0066 0.0010 0. 0056
PO NT I N_PNT CART PCS11 | NCH ANGDEC 10: 02 June 01, 2001
X -7.7483 -7.7510 0. 0027 0. 0000 0. 0000 0. 0027
Y 0. 0000 0. 0021 -0. 0021 0. 0000 0. 0000 -0. 0021
z -0. 0002 -0. 0002 - 0. 0000 0. 0000 0. 0000 -0. 0000
I 0. 0000 0. 0000 0. 0000
J 0. 0000 - 0. 0000 0. 0000
K 0. 0000 1. 0000 -1. 0000
PO NT I N_C PNT CART PCS11 | NCH ANGDEC 10: 02 June 01, 2001
X -7.3762 -7.3760 - 0. 0002 0. 0000 0. 0000 -0. 0002
Y 0. 0000 0. 0021 -0. 0021 0. 0000 0. 0000 -0. 0021
z -0. 0002 -0. 0002 - 0. 0000 0. 0000 0. 0000 -0. 0000
I 0. 0000 0. 0000 0. 0000
J 0. 0000 - 0. 0000 0. 0000
K 0. 0000 1. 0000 -1. 0000
PO NT OQUT_C PNT CART PCS11 | NCH ANGDEC 10: 02 June 01, 2001
X 7.3742 7.3740 0. 0002 0. 0000 0. 0000 0. 0002
Y 0. 0000 0. 0021 -0. 0021 0. 0000 0. 0000 -0. 0021
z 0. 0002 - 0. 0002 0. 0004 0. 0000 0. 0000 0. 0004
I 0. 0000 0. 0000 0. 0000
J 0. 0000 - 0. 0000 0. 0000
K 0. 0000 1. 0000 -1. 0000
PO NT OUT_PNT CART PCS11 | NCH ANGDEC 10: 02 June 01, 2001
X 7.7483 7.7490 - 0. 0007 0. 0000 0. 0000 -0. 0007
Y 0. 0000 0. 0021 -0. 0021 0. 0000 0. 0000 -0. 0021
z 0. 0002 - 0. 0002 0. 0005 0. 0000 0. 0000 0. 0005



| 0. 0000 0. 0000 0. 0000
J 0. 0000 - 0. 0000 0. 0000
K 0. 0000 1. 0000 -1. 0000
PLANE NEAR BOT CART PCS11 | NCH ANGDEC 10: 04 June 01, 2001
X 0. 0001 0.8084 -0. 8083 0. 0000 0. 0000 -0. 8083
Y -7.4827 -7.3916 -0. 0911 0. 0000 0. 0000 -0.0911
z -4. 2906 -4. 3000 0. 0094 0. 0000 0. 0000 0. 0094
| -0. 0003 0. 0000 - 0. 0003
J -0. 0061 0. 0000 -0. 0061
K -1. 0000 -1. 0000 0. 0000
Fl at 0. 0000 0. 0010 * ottt
PLANE FAR BOT CART PCS11 | NCH ANGDEC 10: 04 June 01, 2001
X - 0. 0005 0.0178 -0.0183 0. 0000 0. 0000 -0.0183
Y 7.4836 7. 0507 0. 4329 0. 0000 0. 0000 0. 4329
z -4. 2865 -4. 3000 0. 0135 0. 0000 0. 0000 0. 0135
| 0. 0000 0. 0000 0. 0000
J 0. 0070 0. 0000 0. 0070
K -1. 0000 -1. 0000 0. 0000
Fl at 0. 0000 0. 0010 *
PO NT NEAR DOWN CART PCS11 | NCH ANGDEC 10: 04 June 01, 2001
X 2.0018 2. 0000 0.0018 0. 0000 0. 0000 0. 0018
Y -7.0496 - 7. 0500 0. 0004 0. 0000 0. 0000 0. 0004
z -4. 0511 -4. 0500 -0. 0011 0. 0000 0. 0000 -0.0011
| 1. 0000 1. 0000 - 0. 0000
J -0. 0010 - 0. 0000 -0. 0010
K 0. 0025 0. 0000 0. 0025
PO NT NEAR _UP CART PCS11 | NCH ANGDEC 10: 04 June 01, 2001
X -1.9984 -2. 0000 0. 0016 0. 0000 0. 0000 0. 0016
Y -7.0493 - 7. 0500 0. 0007 0. 0000 0. 0000 0. 0007
z -4. 0491 -4. 0500 0. 0009 0. 0000 0. 0000 0. 0009
| -1. 0000 -1. 0000 0. 0000
J 0. 0001 0. 0000 0. 0001
K -0.0018 0. 0000 -0. 0018
PO NT FAR DOMN CART PCS11 | NCH ANGDEC 10: 04 June 01, 2001
X 1.9948 2. 0000 -0. 0052 0. 0000 0. 0000 -0. 0052
Y 7. 0506 7. 0500 0. 0006 0. 0000 0. 0000 0. 0006
z -4. 0511 -4. 0500 -0. 0011 0. 0000 0. 0000 -0. 0011
| 1. 0000 1. 0000 - 0. 0000
J - 0. 0008 - 0. 0000 - 0. 0008
K 0.0018 0. 0000 0.0018
PO NT FAR UP CART PCS11 | NCH ANGDEC 10: 04 June 01, 2001
X -2. 0056 - 2. 0000 - 0. 0056 0. 0000 0. 0000 -0. 0056
Y 7.0511 7. 0500 0. 0011 0. 0000 0. 0000 0. 0011
z -4. 0491 -4. 0500 0. 0009 0. 0000 0. 0000 0. 0009
| -1. 0000 -1. 0000 0. 0000
J - 0. 0009 0. 0000 - 0. 0009
K -0. 0024 0. 0000 -0. 0024
SPHERE BALL_A CART PCS11 | NCH ANGDEC 10: 07 June 01, 2001
X 6. 2377 6. 2500 -0.0123 0. 0000 0. 0000 -0.0123



Y 6. 7225 6. 7227 -0. 0002 0. 0000 0. 0000 -0. 0002

z 4.0715 4.0716 -0. 0001 0. 0000 0. 0000 -0. 0001

D a 0. 4999 0. 5000 -0. 0001 0. 0050 -0.0050  ---*| ++++

Grlty 0. 0002 0. 0004 | +*++
SPHERE BALL_B CART PCS11 | NCH ANGDEC 10: 07 June 01, 2001

X -6.2484 -6. 2500 0. 0016 0. 0000 0. 0000 0.0016

Y 6.7210 6. 7209 0. 0001 0. 0000 0. 0000 0. 0001

z 4.0688 4.0689 -0. 0001 0. 0000 0. 0000 -0. 0001

D a 0. 4998 0. 5000 - 0. 0002 0. 0050 -0.0050  ---*| 44+

Grlty 0. 0002 0. 0004 | ++*+
SPHERE BALL_C CART PCS11 | NCH ANGDEC 10: 07 June 01, 2001

X -0.0054 0. 0000 -0.0054 0. 0000 0. 0000 -0. 0054

Y 6.7119 6. 7177 -0. 0058 0. 0000 0. 0000 -0. 0058

z -3.0770 -3.0784 0.0014 0. 0000 0. 0000 0.0014

D a 0. 4998 0. 5000 - 0. 0002 0. 0050 -0.0050  ---*| 44+

Grlty 0. 0000 0. 0004 | *+++
SPHERE BALL_D CART PCS11 | NCH ANGDEC 10: 07 June 01, 2001

X -6.2394 -6. 2500 0.0106 0. 0000 0. 0000 0.0106

Y -6.7257 -6.7258 0. 0001 0. 0000 0. 0000 0. 0001

z 4.0716 4.0718 - 0. 0002 0. 0000 0. 0000 -0. 0002

D a 0. 4997 0. 5000 -0. 0003 0. 0050 -0.0050  ---*| ++++

Grlty 0. 0003 0. 0004 | ++*+
SPHERE BALL_E CART PCS11 | NCH ANGDEC 10: 07 June 01, 2001

X 6. 2508 6. 2500 0. 0008 0. 0000 0. 0000 0. 0008

Y -6.7238 -6.7246 0. 0008 0. 0000 0. 0000 0. 0008

z 4.0746 4.0747 -0. 0001 0. 0000 0. 0000 -0. 0001

D a 0. 4997 0. 5000 -0.0003 0. 0050 -0.0050  ---*| ++++

Grlty 0. 0003 0. 0004 | +++*
SPHERE BALL_F CART PCS11 | NCH ANGDEC 10: 07 June 01, 2001

X 0. 0044 0. 0000 0. 0044 0. 0000 0. 0000 0. 0044

Y -6.7177 -6.7177 - 0. 0000 0. 0000 0. 0000 -0. 0000

z -3.0785 -3.0784 -0. 0001 0. 0000 0. 0000 -0. 0001

D a 0. 4999 0. 4999 - 0. 0000 0. 0050 -0.0050  ---*| 44+

Grlty 0. 0001 0. 0004 | +*++

QUTPUT BALLS IN MM TO 6 PLACES
SPHERE BALL_A CART PCS11 MM ANGDEC 10: 07 June 01, 2001

X 158. 438815

Y 170. 751276

z 103. 416509

D a 12. 698178

Crlty 0. 010000 +* ++
SPHERE BALL_B CART PCS11 MM ANGDEC 10: 07 June 01, 2001

X - 158. 709858

Y 170. 712376

Z 103. 347591

D a 12. 695312

Crilty 0. 010000 ++* 4




SPHERE BALL_C CART PCS11 MM ANGDEC 10: 07 June 01, 2001

X -0.137235

Y 170. 481270

Z -78. 156037

D a 12. 695131

Crilty 0. 010000 * bt
SPHERE BALL_D CART PCS11 MM ANGDEC 10: 07 June 01, 2001

X -158. 479751

Y -170. 831894

Z 103. 418575

D a 12. 691503

Crlty 0. 010000 ++* 4
SPHERE BALL_E CART PCS11 MM ANGDEC 10: 07 June 01, 2001

X 158. 769548

Y -170. 783413

z 103. 493872

D a 12. 693317

Crilty 0. 010000 +++*
SPHERE BALL_F CART PCS11 MM ANGDEC 10: 07 June 01, 2001

X 0. 112104

Y -170. 629645

Z -78.193170

D a 12. 696367

Crilty 0. 010000 +* 4+




Lawr ence Berkel ey Nationa
Preci si on Measurenent Services
Robert Connors
Bui | ding 77/ 158
(510) 486- 7611
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DESCRI PTI ON chopper box wel dnent fidua
PART Chop Box #2
MEAS NOM DEV UPTOL LWIoL QT
PO NT BEAM ORI GN CART PCS11 | NCH ANGDEC 10: 52 June 01, 2001
X 0. 0000 - 0. 0065 0. 0065 0. 0000 0. 0000 0. 0065
Y 0. 0000 0. 0085 - 0. 0085 0. 0000 0. 0000 -0. 0085
z 0. 0000 -0. 0001 0. 0001 0. 0000 0. 0000 0. 0001
I 0. 0000 0. 0000 0. 0000
J 0. 0000 0. 0000 0. 0000
K 0. 0000 1. 0000 -1. 0000
PLANE DAT_A CART PCS11 | NCH ANGDEC 10: 52 June 01, 2001
X -0. 0057 -7.5047 7. 4990 0. 0000 0. 0000 7.4990
Y -0. 0079 -1.1275 1.1196 0. 0000 0. 0000 1.1196
z 5.6981 5.7014 -0.0033 0. 0000 0. 0000 -0. 0033
I 0. 0000 -0.0103 0.0103
J 0. 0000 -0.0018 0.0018
K 1. 0000 0. 9999 0. 0001
Fl at 0. 0079 0. 0010 0. 0069
PO NT I N_PNT CART PCS11 | NCH ANGDEC 10: 52 June 01, 2001
X -7.7469 -7.7565 0. 0096 0. 0000 0. 0000 0. 0096
Y - 0. 0000 0. 0085 - 0. 0085 0. 0000 0. 0000 -0. 0085
z -0. 0002 -0. 0001 -0. 0001 0. 0000 0. 0000 -0. 0001
I 0. 0000 0. 0000 0. 0000
J 0. 0000 0. 0000 0. 0000
K 0. 0000 1. 0000 -1. 0000
PO NT I N_C PNT CART PCS11 | NCH ANGDEC 10: 52 June 01, 2001
X -7.3730 -7.3815 0. 0085 0. 0000 0. 0000 0. 0085
Y - 0. 0000 0. 0085 - 0. 0085 0. 0000 0. 0000 -0. 0085
z -0. 0002 -0. 0001 -0. 0001 0. 0000 0. 0000 -0. 0001
I 0. 0000 0. 0000 0. 0000
J 0. 0000 0. 0000 0. 0000
K 0. 0000 1. 0000 -1. 0000
PO NT OQUT_C PNT CART PCS11 | NCH ANGDEC 10: 52 June 01, 2001
X 7.3729 7.3685 0. 0044 0. 0000 0. 0000 0. 0044
Y - 0. 0000 0. 0085 - 0. 0085 0. 0000 0. 0000 -0. 0085
z 0. 0002 -0. 0001 0. 0002 0. 0000 0. 0000 0. 0002
I 0. 0000 0. 0000 0. 0000
J 0. 0000 0. 0000 0. 0000
K 0. 0000 1. 0000 -1. 0000
PO NT OUT_PNT CART PCS11 | NCH ANGDEC 10: 52 June 01, 2001
X 7.7469 7.7435 0. 0035 0. 0000 0. 0000 0. 0035
Y - 0. 0000 0. 0085 - 0. 0085 0. 0000 0. 0000 -0. 0085
z 0. 0002 -0. 0001 0. 0003 0. 0000 0. 0000 0. 0003



| 0. 0000 0. 0000 0. 0000
J 0. 0000 0. 0000 0. 0000
K 0. 0000 1. 0000 -1. 0000
PLANE NEAR BOT CART PCS11 | NCH ANGDEC 10: 54 June 01, 2001
X - 0. 0006 0. 8084 -0. 8090 0. 0000 0. 0000 -0. 8090
Y -7.4826 -7.3916 -0. 0910 0. 0000 0. 0000 -0. 0910
z -4.2921 -4. 3000 0. 0079 0. 0000 0. 0000 0. 0079
| 0. 0004 0. 0000 0. 0004
J -0. 0081 0. 0000 -0. 0081
K -1. 0000 -1. 0000 0. 0000
Fl at 0. 0000 0. 0010 *
PLANE FAR BOT CART PCS11 | NCH ANGDEC 10: 54 June 01, 2001
X - 0. 0005 0.0178 -0.0183 0. 0000 0. 0000 -0.0183
Y 7.4836 7. 0507 0. 4329 0. 0000 0. 0000 0. 4329
z -4. 2830 -4. 3000 0.0170 0. 0000 0. 0000 0.0170
| 0. 0005 0. 0000 0. 0005
J 0. 0090 0. 0000 0. 0090
K -1. 0000 -1. 0000 0. 0000
Fl at 0. 0000 0. 0010 * ottt
PO NT NEAR DOWN CART PCS11 | NCH ANGDEC 10: 55 June 01, 2001
X 1.9974 2. 0000 -0. 0026 0. 0000 0. 0000 -0. 0026
Y -7.0499 - 7. 0500 0. 0001 0. 0000 0. 0000 0. 0001
z -4. 0512 - 4. 0500 -0. 0012 0. 0000 0. 0000 -0.0012
| 1. 0000 1. 0000 - 0. 0000
J 0. 0006 - 0. 0000 0. 0006
K 0. 0022 0. 0000 0. 0022
PO NT NEAR_UP CART PCS11 | NCH ANGDEC 10: 55 June 01, 2001
X -2.0029 -2. 0000 -0. 0029 0. 0000 0. 0000 -0. 0029
Y -7.0496 - 7. 0500 0. 0004 0. 0000 0. 0000 0. 0004
z -4. 0490 -4. 0500 0. 0010 0. 0000 0. 0000 0. 0010
| -1. 0000 -1. 0000 0. 0000
J - 0. 0002 0. 0000 - 0. 0002
K - 0. 0020 0. 0000 - 0. 0020
PO NT FAR DOM CART PCS11 | NCH ANGDEC 10: 55 June 01, 2001
X 1.9939 2. 0000 -0. 0061 0. 0000 0. 0000 -0. 0061
Y 7.0503 7.0500 0. 0003 0. 0000 0. 0000 0. 0003
z -4. 0511 - 4. 0500 -0. 0011 0. 0000 0. 0000 -0. 0011
| 1. 0000 1. 0000 - 0. 0000
J 0. 0002 - 0. 0000 0. 0002
K 0. 0017 0. 0000 0. 0017
PO NT FAR _UP CART PCS11 | NCH ANGDEC 10: 55 June 01, 2001
X -2. 0065 - 2. 0000 - 0. 0065 0. 0000 0. 0000 -0. 0065
Y 7. 0506 7. 0500 0. 0006 0. 0000 0. 0000 0. 0006
z -4.0492 -4. 0500 0. 0008 0. 0000 0. 0000 0. 0008
| -1. 0000 -1. 0000 0. 0000
J 0. 0000 0. 0000 0. 0000
K -0. 0022 0. 0000 -0. 0022
SPHERE BALL_A CART PCS11 | NCH ANGDEC 11: 00 June 01, 2001
X 6. 2456 6. 2500 -0. 0044 0. 0000 0. 0000 -0. 0044



Y 6. 7257 6. 7227 0. 0030 0. 0000 0. 0000 0. 0030

z 4.0694 4.0716 -0.0022 0. 0000 0. 0000 -0. 0022

Dia 0. 4997 0. 5000 -0.0003 0. 0050 -0.0050 - --*| 4+t

Grity 0. 0006 0. 0004 0. 0002
SPHERE BALL_B CART PCS11 | NCH ANGDEC 11:00 June 01, 2001

X -6.2517 - 6. 2500 -0.0017 0. 0000 0. 0000 -0.0017

Y 6. 7278 6. 7209 0. 0069 0. 0000 0. 0000 0. 0069

z 4.0762 4. 0689 0. 0073 0. 0000 0. 0000 0. 0073

Dia 0. 4999 0. 5000 -0. 0001 0. 0050 -0.0050 - --*| ++++

Grity 0. 0004 0. 0004 0. 0001
SPHERE BALL_C CART PCS11 | NCH ANGDEC 11: 00 June 01, 2001

X -0.0029 0. 0000 -0.0029 0. 0000 0. 0000 -0. 0029

Y 6. 7152 6. 7177 -0.0025 0. 0000 0. 0000 -0.0025

z -3.0700 -3.0784 0. 0084 0. 0000 0. 0000 0. 0084

Dia 0. 4999 0. 5000 -0. 0001 0. 0050 -0.0050  ---*| 4+t

Grity 0. 0001 0. 0004 | *+++
SPHERE BALL_D CART PCS11 | NCH ANGDEC 11:00 June 01, 2001

X - 6. 2506 - 6. 2500 -0. 0006 0. 0000 0. 0000 -0. 0006

Y -6.7281 -6.7258 -0.0023 0. 0000 0. 0000 -0.0023

z 4.0722 4.0718 0. 0004 0. 0000 0. 0000 0. 0004

Dia 0. 4997 0. 5000 -0.0003 0. 0050 -0.0050 - --*| ++++

Grlty 0. 0002 0. 0004 | +%++
SPHERE BALL_E CART PCS11 | NCH ANGDEC 11:00 June 01, 2001

X 6. 2451 6. 2500 - 0. 0049 0. 0000 0. 0000 -0. 0049

Y -6.7289 - 6.7246 -0.0043 0. 0000 0. 0000 -0. 0043

z 4. 0681 4.0747 -0. 0066 0. 0000 0. 0000 -0. 0066

Dia 0. 4998 0. 5000 -0. 0002 0. 0050 -0.0050  ---*| 4+t

Grlty 0. 0002 0. 0004 | +%++
SPHERE BALL_F CART PCS11 | NCH ANGDEC 11:00 June 01, 2001

X -0.0058 0. 0000 -0.0058 0. 0000 0. 0000 -0. 0058

Y - 6.7206 -6.7177 -0.0029 0. 0000 0. 0000 -0. 0029

z -3.0657 -3.0784 0. 0127 0. 0000 0. 0000 0.0127

Dia 0. 4999 0. 5000 -0. 0001 0. 0050 -0.0050 - --*| 4+t

Grlty 0. 0001 0. 0004 | *+++

OUTPUT BALLS IN MM TO 6 PLACES
SPHERE BALL_A CART PCS11 MM ANGDEC 11:00 June 01, 2001

X 158. 637518

Y 170. 832362

z 103. 361945

Dia 12. 693623

Grity 0. 010000 0. 0058
SPHERE BALL_B CART PCS11 MM ANGDEC 11:00 June 01, 2001

X - 158. 793029

Y 170. 886645

z 103. 535563

Dia 12. 696301

Grity 0. 010000 0. 0014




SPHERE BALL_C CART PCS11 MM ANGDEC 11: 00 June 01, 2001

X -0. 072490

Y 170. 565256

Z -77.978219

D a 12. 697023

Crilty 0. 010000 * bt
SPHERE BALL_D CART PCS11 MM ANGDEC 11: 00 June 01, 2001

X - 158. 765255

Y -170. 893534

Z 103. 434951

D a 12. 692251

Crilty 0. 010000 +* ++
SPHERE BALL_E CART PCS11 MM ANGDEC 11: 00 June 01, 2001

X 158. 625637

Y -170. 914845

z 103. 328664

D a 12. 694745

Crilty 0. 010000 +* 4
SPHERE BALL_F CART PCS11 MM ANGDEC 11: 00 June 01, 2001

X - 0. 146574

Y -170. 702259

z -77.868766

D a 12. 697002

Crilty 0. 010000 * bt




| 0. 0000 0. 0000 0. 0000
J 0. 0000 - 0. 0000 0. 0000
K 0. 0000 1. 0000 -1. 0000
PLANE NEAR BOT CART PCS11 | NCH ANGDEC 10: 04 June 01, 2001
X 0. 0001 0.8084 -0. 8083 0. 0000 0. 0000 -0. 8083
Y -7.4827 -7.3916 -0. 0911 0. 0000 0. 0000 -0.0911
z -4. 2906 -4. 3000 0. 0094 0. 0000 0. 0000 0. 0094
| -0. 0003 0. 0000 - 0. 0003
J -0. 0061 0. 0000 -0. 0061
K -1. 0000 -1. 0000 0. 0000
Fl at 0. 0000 0. 0010 * ottt
PLANE FAR BOT CART PCS11 | NCH ANGDEC 10: 04 June 01, 2001
X - 0. 0005 0.0178 -0.0183 0. 0000 0. 0000 -0.0183
Y 7.4836 7. 0507 0. 4329 0. 0000 0. 0000 0. 4329
z -4. 2865 -4. 3000 0. 0135 0. 0000 0. 0000 0. 0135
| 0. 0000 0. 0000 0. 0000
J 0. 0070 0. 0000 0. 0070
K -1. 0000 -1. 0000 0. 0000
Fl at 0. 0000 0. 0010 *
PO NT NEAR DOWN CART PCS11 | NCH ANGDEC 10: 04 June 01, 2001
X 2.0018 2. 0000 0.0018 0. 0000 0. 0000 0. 0018
Y -7.0496 - 7. 0500 0. 0004 0. 0000 0. 0000 0. 0004
z -4. 0511 -4. 0500 -0. 0011 0. 0000 0. 0000 -0.0011
| 1. 0000 1. 0000 - 0. 0000
J -0. 0010 - 0. 0000 -0. 0010
K 0. 0025 0. 0000 0. 0025
PO NT NEAR _UP CART PCS11 | NCH ANGDEC 10: 04 June 01, 2001
X -1.9984 -2. 0000 0. 0016 0. 0000 0. 0000 0. 0016
Y -7.0493 - 7. 0500 0. 0007 0. 0000 0. 0000 0. 0007
z -4. 0491 -4. 0500 0. 0009 0. 0000 0. 0000 0. 0009
| -1. 0000 -1. 0000 0. 0000
J 0. 0001 0. 0000 0. 0001
K -0.0018 0. 0000 -0. 0018
PO NT FAR DOMN CART PCS11 | NCH ANGDEC 10: 04 June 01, 2001
X 1.9948 2. 0000 -0. 0052 0. 0000 0. 0000 -0. 0052
Y 7. 0506 7. 0500 0. 0006 0. 0000 0. 0000 0. 0006
z -4. 0511 -4. 0500 -0. 0011 0. 0000 0. 0000 -0. 0011
| 1. 0000 1. 0000 - 0. 0000
J - 0. 0008 - 0. 0000 - 0. 0008
K 0.0018 0. 0000 0.0018
PO NT FAR UP CART PCS11 | NCH ANGDEC 10: 04 June 01, 2001
X -2. 0056 - 2. 0000 - 0. 0056 0. 0000 0. 0000 -0. 0056
Y 7.0511 7. 0500 0. 0011 0. 0000 0. 0000 0. 0011
z -4. 0491 -4. 0500 0. 0009 0. 0000 0. 0000 0. 0009
| -1. 0000 -1. 0000 0. 0000
J - 0. 0009 0. 0000 - 0. 0009
K -0. 0024 0. 0000 -0. 0024
SPHERE BALL_A CART PCS11 | NCH ANGDEC 10: 07 June 01, 2001
X 6. 2377 6. 2500 -0.0123 0. 0000 0. 0000 -0.0123



Y 6. 7225 6. 7227 -0. 0002 0. 0000 0. 0000 -0. 0002

z 4.0715 4.0716 -0. 0001 0. 0000 0. 0000 -0. 0001

D a 0. 4999 0. 5000 -0. 0001 0. 0050 -0.0050  ---*| ++++

Grlty 0. 0002 0. 0004 | +*++
SPHERE BALL_B CART PCS11 | NCH ANGDEC 10: 07 June 01, 2001

X -6.2484 -6. 2500 0. 0016 0. 0000 0. 0000 0.0016

Y 6.7210 6. 7209 0. 0001 0. 0000 0. 0000 0. 0001

z 4.0688 4.0689 -0. 0001 0. 0000 0. 0000 -0. 0001

D a 0. 4998 0. 5000 - 0. 0002 0. 0050 -0.0050  ---*| 44+

Grlty 0. 0002 0. 0004 | ++*+
SPHERE BALL_C CART PCS11 | NCH ANGDEC 10: 07 June 01, 2001

X -0.0054 0. 0000 -0.0054 0. 0000 0. 0000 -0. 0054

Y 6.7119 6. 7177 -0. 0058 0. 0000 0. 0000 -0. 0058

z -3.0770 -3.0784 0.0014 0. 0000 0. 0000 0.0014

D a 0. 4998 0. 5000 - 0. 0002 0. 0050 -0.0050  ---*| 44+

Grlty 0. 0000 0. 0004 | *+++
SPHERE BALL_D CART PCS11 | NCH ANGDEC 10: 07 June 01, 2001

X -6.2394 -6. 2500 0.0106 0. 0000 0. 0000 0.0106

Y -6.7257 -6.7258 0. 0001 0. 0000 0. 0000 0. 0001

z 4.0716 4.0718 - 0. 0002 0. 0000 0. 0000 -0. 0002

D a 0. 4997 0. 5000 -0. 0003 0. 0050 -0.0050  ---*| ++++

Grlty 0. 0003 0. 0004 | ++*+
SPHERE BALL_E CART PCS11 | NCH ANGDEC 10: 07 June 01, 2001

X 6. 2508 6. 2500 0. 0008 0. 0000 0. 0000 0. 0008

Y -6.7238 -6.7246 0. 0008 0. 0000 0. 0000 0. 0008

z 4.0746 4.0747 -0. 0001 0. 0000 0. 0000 -0. 0001

D a 0. 4997 0. 5000 -0.0003 0. 0050 -0.0050  ---*| ++++

Grlty 0. 0003 0. 0004 | +++*
SPHERE BALL_F CART PCS11 | NCH ANGDEC 10: 07 June 01, 2001

X 0. 0044 0. 0000 0. 0044 0. 0000 0. 0000 0. 0044

Y -6.7177 -6.7177 - 0. 0000 0. 0000 0. 0000 -0. 0000

z -3.0785 -3.0784 -0. 0001 0. 0000 0. 0000 -0. 0001

D a 0. 4999 0. 4999 - 0. 0000 0. 0050 -0.0050  ---*| 44+

Grlty 0. 0001 0. 0004 | +*++

QUTPUT BALLS IN MM TO 6 PLACES
SPHERE BALL_A CART PCS11 MM ANGDEC 10: 07 June 01, 2001

X 158. 438815

Y 170. 751276

z 103. 416509

D a 12. 698178

Crlty 0. 010000 +* ++
SPHERE BALL_B CART PCS11 MM ANGDEC 10: 07 June 01, 2001

X - 158. 709858

Y 170. 712376

Z 103. 347591

D a 12. 695312

Crilty 0. 010000 ++* 4




SPHERE BALL_C CART PCS11 MM ANGDEC 10: 07 June 01, 2001

X -0.137235

Y 170. 481270

Z -78. 156037

D a 12. 695131

Crilty 0. 010000 * bt
SPHERE BALL_D CART PCS11 MM ANGDEC 10: 07 June 01, 2001

X -158. 479751

Y -170. 831894

Z 103. 418575

D a 12. 691503

Crlty 0. 010000 ++* 4
SPHERE BALL_E CART PCS11 MM ANGDEC 10: 07 June 01, 2001

X 158. 769548

Y -170. 783413

z 103. 493872

D a 12. 693317

Crilty 0. 010000 +++*
SPHERE BALL_F CART PCS11 MM ANGDEC 10: 07 June 01, 2001

X 0. 112104

Y -170. 629645

Z -78.193170

D a 12. 696367

Crilty 0. 010000 +* 4+
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